Background: The eastern North Pacific population of right whale (Eubalaena japonica) is considered to be one of the smallest whale populations in the world and is at serious risk of extirpation. During the past century, there have been only six records of North Pacific right whales off the west coast of Canada. All six were taken by whaling operations, the last in 1951. Results: Two independent and extremely rare sightings of North Pacific right whales were made off the coast of British Columbia, Canada, in 2013. We describe observations made of these two whales and include information on prey and genetic identity for one individual. Conclusions: These sightings represent the first time this species has been confirmed in Canadian waters in 62 years, and likely the only time in the last 15 years that the species has been sighted south of the Kodiak Island area, Alaska, in the eastern North Pacific Ocean. It can be concluded that, although extremely rare, the species has not been extirpated from waters off Canada's Pacific coast.
Background
The North Pacific right whale (Eubalaena japonica) is one of the most endangered whale species in the world, possibly having an abundance of only 500 individuals (Reilly et al. 2008 ; National Marine Fisheries Service (NMFS) 2013). Once common in many areas of the North Pacific and Bering Sea, the species was severely depleted by intensive whaling in the mid 19th century (Brownell et al. 2001; Scarff 2001; Josephson et al. 2008) . Although numbers may have been increasing by the mid 20th century following international protection in 1935 (Brownell et al. 2001 ), large illegal and unreported catches by Soviet whalers in the 1960s likely reversed any nascent recovery and the species remains endangered today (Ivashchenko and Clapham 2012) .
Historical whaling data from 19th century whaling catches suggest that the North Pacific right whale is divided into discrete western and eastern populations (Brownell et al. 2001; Clapham et al. 2004; Shelden et al. 2005; Gregr 2011; NMFS 2013) . During summer, the western population was found mostly in the Sea of Okhotsk, the Sea of Japan, and off the coasts of the Kuril Islands and Kamchatka. The eastern population was concentrated in summer in the southeastern Bering Sea (the "Bristol Bay Ground") and in the Gulf of Alaska, primarily north of 50°N latitude (the "Northwest Ground"). In waters off western Canada, right whales were taken mostly to the west of Haida Gwaii (formerly Queen Charlotte Islands), north of 52°N latitude, from May to August (Townsend 1935; Shelden et al. 2005) . North Pacific right whales generally moved northward as summer progressed and southward in fall, but any migratory patterns are poorly defined and potential winter grounds are unknown (Scarff 1986; Brownell et al. 2001) .
Both North Pacific right whale populations are at serious risk of extirpation, especially the eastern population (Reilly et al. 2008; LeDuc et al. 2012) . There is no current abundance estimate for the western North Pacific population but sightings -though uncommon -occur regularly (Brownell et al. 2001; Reilly et al. 2008; Sekiguchi et al. 2014; Matsuoka et al. 2014) . In contrast, the eastern North Pacific population has been estimated at fewer than 50 animals using multiple independent techniques (Wade et al. 2011b; Marques et al. 2011; LeDuc et al. 2012) . Once widely distributed in the Gulf of Alaska, around the Aleutian Islands and in the eastern Bering Sea, most recent sightings and acoustic detections of eastern North Pacific right whales have been confined to an area within the southeastern Bering Sea (LeDuc et al. 2001; Shelden et al. 2005; Wade et al. 2006 Wade et al. , 2011a Munger et al. 2008; Marques et al. 2011) . Animals have been regularly detected in this area during visual and acoustic surveys since 1996, and it has been designated as critical habitat in the US (NMFS 2013). Mark-recapture modeling using photoidentifications and genetic samples from this area resulted in an estimate of 31 individuals (Wade et al. 2011b) .
South of the Bering Sea, sightings of eastern North Pacific right whales are extremely rare in recent decades. There have been only six documented sightings in the northern Gulf of Alaska since the 1960s, all in the Albatross Bank area south of Kodiak Island (Waite et al. 2003; Wade et al. 2011b) , an area that has also been designated as critical habitat in the US (NMFS 2013) . It is unclear whether the Gulf of Alaska and Bering Sea animals represent a single or multiple populations (LeDuc et al. 2012) . Only seven reliable sighting records exist for eastern North Pacific waters offshore of Baja California to Washington State since 1990, and none since 1998 (Waite et al. 2003; J. Scarff, pers. comm. 2015) . Off the coast of Canada, the last confirmed record of a North Pacific right whale was a mature male killed by whalers, apparently in error, off Vancouver Island, British Columbia, in 1951 (Pike and MacAskie 1969; Ford 2014) .
Here, we describe two independent encounters with North Pacific right whales that we documented in 2013 off the west coast of Canada. These represent the first time this species has been confirmed in Canadian waters in 62 years, and likely the only time in the last 15 years that right whales have been found south of the Kodiak Island area, Alaska, in the eastern North Pacific (Waite et al. 2003; J. Scarff, pers. comm. 2015) . We also describe the feeding behaviour and prey of one of these two animals, as well as the results of genetic analyses of a tissue sample taken from this same individual.
Methods

Survey effort
Since 2002, the Cetacean Research Program (CRP) at the Pacific Biological Station (Fisheries and Oceans Canada, Nanaimo, British Columbia), has conducted annual multispecies cetacean surveys from large-vessel platforms over continental shelf and off-shelf waters throughout Canada's Pacific Exclusive Economic Zone. In total, these surveys have amounted to over 60,000 km of linear on-effort track lines. Details of survey methodology are provided in Ford et al. (2010) . Several tens of thousands km of small-vessel survey effort has also been expended annually in nearshore waters along the coast of British Columbia (up to 50 km offshore) as part of long-term studies of killer whales (Orcinus orca). In addition to these vessel surveys, systematic aerial surveys for cetaceans were undertaken during 2012-2014 off the west coast of Vancouver Island to approximately 200 km offshore. Surveys were flown at an altitude of 305 m (1000 ft) and speed of 278 km hr −1 (150 knots) and totalled about 22,000 km of survey effort. The two encounters reported here are the only North Pacific right whales seen during these combined efforts.
Field observation and data collection
When encountered, the whales were approached to a distance of 25 m and digital images were taken of both sides of the animals' head for individual photoidentification. These were submitted to a photo-ID catalogue for the species maintained at the Marine Mammal Laboratory (MML) (NOAA, Seattle, WA). During the first of the two encounters, the individual appeared to be actively feeding at the surface (see Results). Samples of zooplankton prey and a scat sample were collected using a fine-mesh dip net deployed from a small skiff travelling in the whale's wake. A sample of skin and blubber was collected from this individual using a small biopsy dart deployed from a dart projector (see Barrett-Lennard et al. (1996) for details).
Genetic analysis
The skin sample obtained from the first of the two North Pacific right whales was used for genetic analyses to determine the whale's sex and mitochondrial haplotype composition. Sex was determined based on polymerase chain reaction (PCR) amplification using the primers described in Gilson et al. (1998) that amplify a~400 bp fragment of the X-chromosome, and ã 200 bp fragment of the Y-chromosome. PCR products were size-separated and visualized on a 1.5 % agarose gel stained with ethidium bromide. A~400 base pair portion of the mitochondrial control region was amplified using the primers t-Pro and Primer-2 described in Yoshida et al. (2001) . The resulting fragments were then sequenced in both directions. A BLAST (Basic Local Alignment Search Tool) search (Altschul et al. 1990 ) confirmed the species, with the top eight "hits" all being Eubalaena japonica. To compare the sequences of this animal to other Eubalaena samples, control region sequences available on GenBank were downloaded. These amounted to 9 E. japonica sequences, 166 Southern right whale (E. australis) sequences, and 6 North Atlantic right whale (E. glacialis) sequences. All sequences were aligned using Clustal X (Thompson et al. 1994) , to identify variable sites and categorize each sequence. Duplicate sequences were identified and removed using FaBox (Villesen 2007) . Phylogenetic analyses were conducted using MrBayes (Ronquist et al. 2012) , and the final tree was visualized using FigTree.
Results
Encounter 1: 9-13 June 2013
The first sighting in 2013 was made on 9 June by JFP during a whale survey aboard the Canadian Coast Guard Ship (CCGS) Arrow Post. The sighting was of a single whale on the continental shelf slope approximately 15 km off the northwest coast of Haida Gwaii between Port Louis and Frederick Island (53°37.5' N, 133°17.2' W; Fig. 1 ). The animal was subsequently re-located on 12 June and again on 13 June within 20 km of the original sighting location, still on the shelf slope. JKBF and GME joined the ship for observations on 13 June. We spent a total of 17 h observing the animal over the 3 days, which allowed for documentation of behaviour as well as the collection of identification photos, tissue biopsy, and prey and scat samples. Genetic analyses of the tissue sample revealed that the whale was a female. She was estimated to be 10-11 m in length, thus a subadult (Omura 1958; Omura et al. 1969) . Photo-identification images were obtained for both sides of the whale's body (Fig. 2a) . Callosity and scar patterns did not match any of the 22 distinct individuals in the MML's North Pacific right whale catalogue, and the whale has been assigned the new identifier MML90 (A. Kennedy, MML, pers. comm. 2014).
Each day, the whale's predominant behaviour was feeding on visibly dense aggregations of zooplankton prey at the surface. On 9 June, it was feeding over the steep continental slope with bottom depths of about 450 m. On 12 and 13 June, it was feeding over shallower parts of the slope with bottom depths of 150-250 m. On 2 days, small samples of prey were collected at the surface using a fine-meshed net about 30 m behind the feeding whale. These were identified as late-stage copepods Neocalanus plumchrus (C5: n = 13; C4: n = 1). A sample of scat that was also collected at the surface awaits visual and genetic identification of prey species.
Mitochondrial sequence analysis confirmed that the whale was an E. japonica (Fig. 3 ) but revealed that it had a haplotype that was distinct from those yet reported for this species on GenBank (Table 1) . However, the differences were slight, with the new sequence differing from two known sequences by a single transition (Table 1) .
Encounter 2: 25-26 October 2013
The second sighting was made on the evening of 25 October 2013, at Swiftsure Bank about 15 km off the southwest coast of Vancouver Island (48°31.04'N, 124°52.3' W; Fig. 1) , by BG. The animal was found amidst an aggregation of about 8 humpback whales (Megaptera novaeangliae), and appeared to be socializing with them at the surface. Associations with humpbacks have been noted in other sightings in the Gulf of Alaska and Hawaii (Herman et al. 1980; Rowntree et al. 1980; Waite et al. 2003; Wade et al. 2011a, b) . The following day, BG was joined by JKBF, GME and RMA and the animal was re-located in the same area on Swiftsure Bank. The right whale was travelling in association with two humpback whales. It was estimated to be at least 15 m in length, and thus probably sexually mature (Omura 1958; Omura et al. 1969) . No genetic sample was obtained so sex could not be determined. Approximately 8 h were spent observing and photographing the whale over the 2 days. No surface feeding was documented during this encounter, though occasional feeding at depth could not be ruled out. Water depths in the area were 100-150 m. Identification photographs of the animal were collected (Fig. 2b) , which confirmed that this was a different individual from the animal sighted in June. This animal had a distinctive healed wound that extended from its lower left jaw over its rostrum, where the tissue had once been deeply incised. It is probable that this wound, and scars evident on the animal's dorsal surface and caudal peduncle, resulted from a past entanglement in fishing gear (Kraus 1990) . As with the first animal, photoidentification images did not match any individual in the MML's North Pacific right whale catalogue, and it has been assigned the new identifier MML92 (A. Kennedy, MML, pers. comm. 2014).
Discussion
Our sightings of these two North Pacific right whales are the first confirmed records of the species in Canadian waters since 1951. There was a report of two right whales in the Swiftsure Bank area in August 1983 (Reeves and Leatherwood 1985) , but the very brief sighting (one surfacing at 200 m distance) was made in rough sea conditions and species identification is questionable (Ford 2014) . Two North Pacific right whales were reported off Canada's 
The new sequence differs from a few others (AP006474.1, JX441358.1, and NC_006931.1) at only a single position (514). Sequences AP006474.1, JX441358.1, and NC_006931.1 are all the same at the sites shown, but all are longer than shown here, but have been trimmed to make comparable to the new sequence. Thus, they may differ at sites not shown west coast in 1970 by a Japanese scouting vessel (see Table 2 .2 in Brownell et al. 2001) , but the location provided is so general it is not clear if the animals were even within Canadian waters. Prior to our two sightings, there are only six records of North Pacific right whales off the coast of British Columbia during the past century, and all were killed by whalers (Ford 2014) . Five of these were west or north of Haida Gwaii, and the sixth was close to the northwest coast of Vancouver Island (Fig. 1) . The location of the June 2013 sighting off Haida Gwaii is within an area where numerous right whales were taken by whalers in the 19th and early 20th centuries, mostly during the months of May to July (Fig. 1) . This area has been predicted to be highly suitable early summer habitat for North Pacific right whales (Gregr 2011) , and the vigorous feeding behaviour exhibited by this whale over the 3 days of observation is consistent with this prediction. The whale was feeding at the surface on the large calanoid copepod N. plumchrus (C5 stage), the same species that has been found in the stomachs of North Pacific right whales killed south of Kodiak Island (Omura et al. 1969) . Wade et al. (2011a) also noted this copepod among other zooplankton species in an area where right whales were seen on Albatross Bank south of Kodiak Island.
The waters off southwest Vancouver Island where the second right whale was observed in October 2013 is not an area where this species was hunted during the commercial whaling period, but it is within its range (Scarff 1986; Brownell et al. 2001) . Bones of North Pacific right whales have been identified in archaeological sites on the northwest coast of Washington State (Scarff 1986 ) and on southwestern Vancouver Island (Arndt 2011), indicating either hunted or stranded animals were utilized at least occasionally by aboriginal people in the region. There was also a confirmed sighting of a single right whale on 24 May 1992 over Quinault Canyon, which is off the Washington coast approximately 150 km south of the location of our October 2013 sighting on Swiftsure Bank (Rowlett et al. 1994) . Interestingly, Širović et al. (2015) recently detected two presumed right whale "up-calls" in recordings made on 29 June 2013 by an autonomous acoustic recorder deployed at Quinault Canyon.
Conclusions
After a period of over half a century without a confirmed sighting of North Pacific right whales off the west coast of Canada, it was uncertain whether the species should be considered extant in this region. These two confirmed sightings in 2013 confirm that the species has not been extirpated from these waters. It is somewhat surprising that these two sightings were made in the same year. Densities of calanoid copepods off the coast were reported to be average during the summer of 2013 (Batten 2014; Galbraith et al. 2014) , so it seems unlikely that the whales were attracted to the region by unusually favourable feeding conditions. The sightings of these two exceedingly rare animals were more than 4 months and 850 km apart, so it is not clear that they were connected in any way.
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